Introduction
Consumer demand of fresh and/or minimally processed ready-to-use vegetables is increasing driven by the lack of time for meal preparation and by the awareness of their nutritional value. Ready-to-cook soups made of fresh legume seeds and vegetables, may represent a suitable response to the basics of minimally processed foods market. The introduction of legume seeds in a fresh vegetable mix could be difficult to achieve, since a longer preparation/cooking time would be required due to their dried state. For this reason, legume seeds would benefit from previous re-hydration before mixing with other vegetables, even though this practice will make the final product more perishable in terms of sensorial and microbial quality. Low temperature and modified atmosphere within the package (MAP) may be used to prevent spoilage deterioration and quality loss [Watada 1996 ]. Gas composition with 2-5 % O 2 , at the recommended storage temperature, reduced the respiration rate of bean seeds [Saltveit 1997 ]. Gas compositions with 3-10 % CO 2 reduced the discoloration phenomena of damaged seeds [Trail 1992 ], whilst gas compositions with higher CO 2 concentrations [20-30 %] can be used only for short storage periods, otherwise off odors will be released [Costa 1994 ]. For ready-tocook vegetable soups, gas compositions at equilibrium with low O 2 [3 %] and high CO 2 [20 %], resulted effective in reducing the 'Borlotto' beans' metabolic reactions and preserving their appearance and texture [Amodio 2006 ], even though for this kind of product it is difficult to quantify the color changes, due to the red areas on the seed husk that influence the measurement with traditional colorimetric systems. Colorimetric instruments in fact can operate only on flat and homogeneous surfaces, and in limited observation points, giving a measure that is not representative of the whole product, if the color is not uniform. The CIE L*a*b* color scale is the most used scale for color references, based on L*, a*, and b* parameters and their derivative measures [Rossell 2006 ]. Among the other color spaces, HSV [Hue, saturation, value] is one of the most used, and it corresponds to the concepts of tint, amount of color and brightness, respectively [Hanbury 2002 ].
In alternative for cut-products where color is hard to determine, browning intensity and a fresh appearance may be evaluated using sensorial rating scales in order to evaluate general appearance and differences among treatment effects on fresh-cut produce as for peaches and nectarines [Gorny 1998 [Gorny , 1999 Aguayo 2006 ], vegetable mix [Amodio 2006 ] or mint leaves [Kenigsbuch 2007 ]. Kader and Cantwell [2004] put together experimental works on appearance evaluation rating scales and color charts for both whole and fresh-cut produce.
Image analysis techniques may represent a possible way to measure external features of fruits and vegetable as size [Blasco 2003 ], shape [Costa 2011 ] and color [Leon 2006 ]. These techniques can in fact isolate a region of interest within an image, by the operation of image partition [Gunasekaran 1996 ] which can be further processed in order to calculate the desired parameters. Image partition performed by means of an algorithm, allowed to evaluate color and browning incidence of basil leaves [Peri 2005 ] and artichokes [Amodio 2011 ], muscle color and marbling features on beef [Jackman 2009; Chen 2010] , color changes and translucency development of tomato slices during storage at different temperatures [Lana 2006 ], or to model quality changes on whole mushrooms [Aguirre 2009 ], and fresh endives packaged in different atmospheres [Charles 2008 ].
To study the color changes over time, and more in general the visual appearance of the products, some kinetic models can be applied; for fresh-cut and minimally processed products, these parameters often follow a kinetic of zero or first order [Saguy 1980; Taoukis 1977; Piagentini 2005 ].
The present work was carried out in order to pursue the following objectives: 1) to design an algorithm to measure color of rehydrated 'Borlotto' beans; 2) to study the color degradation kinetics over time; 3) to evaluate the gas composition effect on chromatic changes and appearance of the seeds during storage at 5 °C.
Materials and methods

Experimental design
Dry 'Borlotto' bean seeds [Phaseolus vulgaris L.] were divided in three replicates, of 1 kg each, and rehydrated in water for 14 hours. After this time the rehydrated seeds of each replicate were drained for a few minutes, weighed and divided in 12 groups [4 treatments x 3 storage samplings] of about 140 g. Each sample was placed in a plastic tray and groups of three trays were closed in 10-liter PVC containers with inlet and outlet tubes. The inlet tubes were connected to a gas mixer system for the gas distribution into the containers and all containers were cold stored at 5 °C.
The gas compositions used were the following: -10 % CO 2 in air; -3 % O 2 in nitrogen; -10 % CO 2 + 3 % O 2 in nitrogen; -air, as control.
Quality determination and image analysis techniques
Initially, and after 5, 10 and 15 days the following attributes were evaluated on 30 seeds from each replicate: -appearance score, evaluated by 6 trained people using an anchored photographic scale as reference with scores from 5 to 1 (5=excellent; 4=good; 3=fair; limit of marketability; 2=poor; limit of edibility; 1=very bad; not edible product) [Amodio 2006 ]; -color, by image analysis techniques. The images were acquired with a scanner 'hp OfficeJet G95' (Hewlett Packard, U.S.A.) and saved on the support PC hard disk, using a black background in the RGB (24 bit) mode. These images were then processed and analyzed by means of a codified algorithm in MATLAB 7.1 (MathWorks Inc., U.S.A.). A white sheet of paper was acquired at the beginning of each set of measures in order to check the stability of the acquisition system. The system was developed through different steps that are synthesized in Figure 1 : 1-opening of one single image from a series of images analyzed in sequence; 2-conversion of the RGB image into the HSV (Hue-Saturation-Value) color space using the function included in the MATLAB image processing tool- where '1' are the pixel of the red stripes and '0' the seed ground color; 8-conversion of the original RGB image in the L*a*b* color space using the 'srgb2lab' function included in the MATLAB image processing toolbox; 9-calculation of the color parameters L*, a* and b* for the pixels with value 1 in the image bw2 and bw3, the seed ground color and the red stripes, respectively; 10-results transcription on an excel file; 11-process reiteration until the last image of the sequence adding a row in the excel file for each image;
In addition, from the L*a*b* parameters, the Hue angle and Chromaticity parameters were calculated as follows: b * Hue Angle =arctg --
(1) a * _______ chromaticity = √ a *2 +b *2 .
( 2 )
Kinetic parameters and linear regression
To model color and general appearance changes over time the following equation was applied:
(3) dt where [Q]= quality attributes, n=order of reaction, k = kinetic rate constant (day -1 ) and t=time (day). The slope of the plot between quality attribute and time is the kinetic rate constant (k), normally following a zero or a first order kinetic [Labuza 1982 ]. This constant was determined comparing the coefficients of determination (R 2 ), the p values and the residuals for the estimated value of the intercept in the case of reaction order 0 and 1.
In order to find a correlation between color changes of 'Borlotto' beans and appearance score, a linear regression between a* and Hue angle of the beans' ground color versus score was run; coefficients of correlation and p values are reported.
Statistical analysis
A split-plot statistical design was applied to analyze the variance of all data with the software SAS (Sas Institute, Inc., V 8.2, Cary, NC, USA), with gas treatment as first factor and time as second factor. For time and interaction treatment X time the most conservative method of degree of freedom estimation was used. For each sampling a one way ANOVA for the gas treatment was applied. Mean values were separated using the Tukey test at a confidence level of 95 % (P=0.05).
Risults and discussion
The defined algorithm allowed the partitioning of a total of 39 pictures in a few minutes, exporting the color data already in a file excel immediately available for further processing. Color parameters of both red stripes and seed ground color were monitored during 15 days of storage at 5 °C.
The gas atmospheres applied during seed storage showed a significant effect on the appearance score, a* and Hue angle of seed ground color, while the storage time had always a significant effect on all parameters. No interaction between the gas treatment and the storage time was observed, with the exception of L* value.
The effects of each storage atmosphere and of each storage time are shown in Tables 1 and 2, respectively.
Seed appearance score was assigned based on color, dehydration and husk separation level; seeds stored with the 3 % O 2 plus 10 % CO 2 received the highest score according to these criteria (Table 1) .
A gradual reduction of the appearance score over time was observed, decreasing from 4.5 to 2.8 after 15 days of storage (Tab. 2).
The shelf-life at 5 °C for this kind of product was therefore approximately 10 days, regardless of the at- 1 -Effect of gas composition on appearance score and color parameters (L*, a*, and b*) of rehydrated 'Borlotto' beans stored for 15 days at 5°C (N=9). Different letters on each row indicate a significant difference among treatments (P=0.5).
TABLE
2 -Effect of time of storage on appearance score and color parameters (L*, a*, and b*) of rehydrated 'Borlotto' beans stored for 15 days at 5°C (N=5). Different letters on each row indicate a significant difference among treatments (P=0.5). mospheres applied, since after 15 days all treatments received a score below 3, considered as the limit of marketability. This shelf-life was longer than that reported by Amodio et al. [2006] for 'Borlotto' beans mixed with other vegetables and stored with 20% CO 2 , either in air or in low oxygen, which at 10 days of storage presented an appearance score lower than the marketability limit. It could be that in that study the ethylene production by the other species included in the mix, as tomato, reduced the seed shelf-life [Saltveit 1999 ].
In Figure 2 the changes over time of a* and Hue angle of seed ground color are shown. It can be ob- Fig. 1 -Workflow of the image analysis operations (dot lines) and products (image description in solid lines) generated in Matlab 7.1 to partition the RGB images into the interest regions. served that seeds stored with 3 % O 2 + 10 % CO 2 , which received the highest appearance score, showed the lowest a* and Hue angle variation of the ground color as well. Up to 10 days of storage the appearance score of the seeds stored in 3 % O 2 + 10 % CO 2 was significantly higher than that of seeds stored in the others atmosphere compositions (Fig. 2) .
On the other hand, seeds stored with low oxygen atmosphere which showed generally the lowest appearance score (as absolute value) presented also the highest reduction of the a* value and the highest increase in Hue angle.
As for the color of the red stripes the atmosphere with 3 % O 2 induced the lowest changes in Hue angle values as shown in Figure 3 .
The coefficients of determination (R 2 ) and the significance level of slope values obtained from the equation (3) for values n=0 and n=1 were compared in order to determine which kinetic best fit the quality changes over time.
First order was the apparent order of the quality change reactions (Tab. 3), even though in some cases only a slight improvement of the R 2 was observed. These results were also supported by the plots of residuals versus predicted values (not shown) indicating that the distribution around zero was more random for the first order model. These results confirmed what was found by other authors [Vankerschaver 1996; Piagentini 2004 Piagentini , 2005 which observed that first order was the most adequate kinetic model for fitting sensory characteristic changes in minimally processed vegetables. The solid line in the Figure 2 shows the evolution of each predicted attribute using the fitted models described by the equation reported in each graph.
In addition in Table 3 it is possible to observe that the constants of kinetics obtained for degree 0 are higher than those obtained for degree 1, with differences of two decimal digits, but the direct comparison is not meaningful due to the difference between the two models. The model with order 0 involves a constant variation over time of the considered parameters with a linear equation like Q= Q 0 ±k*t, where t is the number of days in storage, Q 0 is the initial value that will change over time by a quantity kt; a model with order 1 is described through an exponential equation like Q=Q 0 ±k*t, where the quantity kt will change according to the elapsed number of storage days and will influence the final value Q that will be multiplied or divided by the quantity exp kt . The k value related to the first order kinetic is in line with references indicated by other authors on asparagus [Sothornvit 2009 ] and fresh-cut cicory appearance [Piagentini 2005 ] within a temperature range of 0-5 °C. On the other hand it results lower than values for fresh-cut Iceberg and Romain lettuce [Piagentini 2005 ], that at 4.3 °C showed a constant kinetic, circa 0.1 day -1 , probably due to the high perishability (browning and dehydration) of these products.
Since the results suggested a possible correlation between score and color changes of the ground color, a linear regression was performed. Results of this analysis are reported in Table 4 . Both a* index and Hue angle showed a high coefficient of correlation 37 3 -Kinetic rates, coefficient of determination (R 2 ) and p values for 0 and 1 order kinetics of appearance score and color parameters. 4 -Coefficients of correlation (R) and determination (R 2 ), and p values of linear regression between color parameters (a* and Hue angle) and appearance score. with a p value <0.0001, explaining more than 80 % of the total variance. For a* the value R was 0.90, while for Hue angle was -0.91, indicating for the last parameter a negative correlation with the parameter score. In fact, while score and a* values, decreased over time, Hue angle increased. These results confirmed what previously reported by other Sothornvit and Kiatchanapaibul [2009] that found on asparagus a 68% of correlation between visual quality and Hue Angle during storage at different temperatures.
Conclusions
Results of this work allowed to evaluate color variation during storage of rehydrated 'Borlotto' bean seeds, which would be impossible to evaluate with traditional colorimetric systems, due to the high red area variability in the seeds. A new rapid approach for color data calculation and storing of this kind of product has been developed.
The change of seed ground color and appearance, evaluated through a sensorial scale, followed a first order kinetic. Among the treatments applied, the 3% O 2 +10% CO 2 atmosphere influenced positively the seeds' quality and appearance, reducing the husk discoloration up to 10 days storage. In general none of the tested treatments gave beneficial effects for the seeds' marketability during periods longer than 10 days. A positive regression between the sensorial evaluation and the a* index retention was found, while the Hue angle ground color change resulted inversely related to the seeds' score. The results also indicated that the most determinant factor on 'Borlotto' beans' sensorial quality is related to the changes of seed ground color.
